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INTRODUCTION
Adolescent girls and young women (AGYW) ages 15 to 24 years face a disproportionate risk of HIV acquisition in Sub-Saharan Africa (SSA). 1 In Kenya, AGYW comprise 18.4% of the adult population but acquired 23.7% of new infections in 2017, such that by 2018 an estimated 2.6% of AGYW in Kenya were living with HIV; 2-5 yet most infections remain undiagnosed. 4 The most recent data available on AGYW suggest that in 2012, only 25% of AGYW living with HIV were diagnosed and aware of their HIV status. 4 The consequence of undiagnosed HIV among AGYW is untreated HIV, thus limiting the individual health and the population-level transmission benefits of effective antiretroviral treatment (ART). [6] [7] [8] HIV testing serves as an entry point for HIV care with a growing recognition that differentiated strategies 9,10i.e. services tailored to subgroups within a populationare needed to address subgroup-specific barriers to traditional, clinic-based testing. 10, 11 For example, service-related barriers reported by adolescents in SSA include stigma from healthcare providers and logistical challenges, such as costs and time for transportation to and from clinics whose hours of operation often conflict with school or employment. 11, 12 Although data on differentiated strategies to improve HIV testing among AGYW remain limited, 9, 10 emerging evidence suggests that venuebased testing, under the umbrella of community-based approaches, may be an effective strategy to increase HIV testing among subgroups at high risk of HIV. [13] [14] [15] Venues refer to places where a particular subgroup may uniquely come together and socialize (schools, shopping malls, parks) and/or where people meet new sex partners. 16 For example, Herce et al. found that venue-based testing and counseling conducted as part of a survey of female sex workers, led to the new diagnosis of 63% of those living with HIV but who were previously unaware of their HIV status. 13 Venues associated with formal sex work, or sex work hotspots, are also places where AGYW, including young women who sell sex (YSW) congregate, socialize, and meet sex partners. For example, in Mombasa, Kenya, 95% of hotspots comprise venues where AGYW not engaged in sex work socialize and meet sex partners. 16 Some of these young women engage in other forms of transactional sex or casual sex and experience high prevalence of HIV-associated vulnerabilities at first sex, similar to the prevalence reported by YSW. 17 The age of consent for HIV testing in Kenya is 15 years. 18 As in most of SSA, existing HIV testing programmes in Kenya are designed for the wider population of AGYW and/or they are designed to reach formal sex workers; they are not specifically designed to reach high risk AGYW such as those who socialize in hotspots. 18, 19 Similarly, most population-based studies on HIV testing in SSA are often conducted separately for AGYW (usually via household surveys) and for female sex workers (usually restricted to those over age 18 years). [20] [21] [22] [23] Thus, there are limited data on HIV testing patterns and undiagnosed HIV among high-risk AGYW and YSW who socialize in the same spaces. Yet studies conducted separately in each population (AGYW, female sex workers) suggest determinants of HIV testing may be similar. [20] [21] [22] [24] [25] [26] Limited data suggest YSW face similar service-related barriers to testing programmes designed for adults as those reported by the wider population of AGYW; barriers are compounded by stigma and logistical challenges related to sex work and which may also undermine access to programmes designed for AGYW in general, such as school-based testing. 11, 22, 27, 28 Meanwhile, YSW are often excluded from sex worker programmes which provide or facilitate clinic-based HIV testing, but are designed to serve women ages 18 and over who self-identify as sex workers. 23, 29 Currently in Kenya, HIV testing does not include venue-based testing at hotspots; 18 and before 2018, sex worker programmes were not allowed to provide services for women under age 18. 19, 30 The consequence of vertical programmes and independently studied populations is that we do not yet know the potential value of venue-based testing at hotspots for AGYW, and whether determinants of HIV testing differ between YSW and other AGYW who frequent the same hotspots.
Among AGYW who frequent hotspots in Mombasa, Kenya, we sought to: i) compare the early elements of HIV cascade of care (diagnosis and treatment) by engagement in sex work; ii) estimate the number of AGYW living with HIV that could be newly diagnosed via hotspot-based testing; iii) compare patterns of HIV testing among AGYW by engagement in sex work; and iv) identify determinants of recent HIV testing among AGYW who frequent hotspots.
METHODS

Study setting and population
We used data from hotspot enumeration and the Transitions Study, cross-sectional biobehavioural survey of AGYW recruited at hotspots in Mombasa, Kenya from April to November 2015. 16, 17 Survey eligibility included: cis-gender female aged 14 to 24 years who reported engaging in vaginal or anal sex at least once in their lifetime.
Data collection
We conducted mapping and enumeration of hotspots before survey implementation to estimate the number of AGYW aged 14 to 24 years congregating at hotspots and to generate the sampling frame as detailed in Cheuk et al. 16 We used probability proportional to estimated size of the AGYW population for sampling, and thus generated a self-weighted sample. 16, 31 Within each sampled hotspot, outreach workers or a peer-educator invited potential participants, and trained interviewers screened for eligibility and administered a face-to-face structured questionnaire in English or Kiswahili. Participants were offered rapid, on-site HIV testing and counselling which was administered as per Kenya national guidelines (Appendix 1). 18 Participants who tested HIVpositive on the confirmatory rapid test were referred for HIV treatment and care. Dried blood specimens (DBS) were also collected and transferred to the National HIV and Retrovirology Laboratories in Winnipeg, Canada, which performed the serological testing with the Avioq HIV-1 Microelisa System (Avioq Inc., Research Triangle Park, NC). Participants provided written informed consent with the option to consent or decline to participate in any component of the study. 17 Data collection procedures are detailed in Becker et al. 17 
Measures
We classified participants as YSW if they self-identified as a sex worker or reported ever soliciting and receiving money, gifts, or other goods in exchange for sex, such that the price or commodity was negotiated prior to sex; and as women not engaged in sex work (NSW) otherwise. We used the DBS serology results to identify persons living with HIV. Participants without a DBS were excluded from our analyses of HIV cascade of care.
We defined the early stages of the HIV cascade among those living with HIV as follows: i) HIV diagnosed and aware if participants self-reported as 'HIV-positive' (those who self-reported negative or not willing to disclosure or never tested for HIV were classified as undiagnosed); ii) linkage to HIV care (self-reported registration with an HIV treatment centre); and iii) currently on ART (self-reported they were currently taking antiretroviral medication).
We defined recent and lifetime HIV testing based on self-reported HIV testing with receipt of result in the year prior to the survey and ever, respectively.
We defined covariates (Appendix 2) to identify determinants of HIV testing as informed by prior literature 20, [20] [21] [22] 24, 25, 27, 18 with a focus on socio-demographic, health-system engagement, sexual behaviour and risk perception; and based on data availability.
Statistical analyses
First, we compared the HIV cascade in YSW and NSW living with HIV.
Second, we conducted a triangulation exercise to estimate the potential number of AGYW living with HIV in Mombasa that could be newly diagnosed via hotspot-based testing if we assumed 100% test acceptance and accuracy. We used the estimated population size of AGYW who frequent hotspots in Mombasa from the 2014 mapping and enumeration; 32 and estimates of HIV prevalence and undiagnosed fraction from the current study. To estimate the feasible number of AGYW that could be newly diagnosed, we applied plausibility constraints: acceptance of rapid testing by participants who did not self-report HIV positive (measured as the proportion of participants who agreed and received rapid test when the test was offered) and the sensitivity of the rapid test against DBS results (as measured among those who received both rapid and DBS tests). We reported the potential and feasible estimates for the overall AGYW population in Mombasa who frequent at hotspots, and separately for YSW and NSW.
Third, we compared the proportion recently tested and patterns of HIV testing among YSW versus NSW. Analyses of recent HIV testing in the past year excluded participants who selfreported as 'HIV-positive' and were diagnosed with HIV more than one year before the survey.
We compared categorical variables using the chi-square tests or fisher's exact tests as appropriate, and compared continuous variables using Kruskal-Wallis tests.
To identify determinants of HIV testing, we first explored the relationship between recent testing and covariates (Appendix 2) using bivariate logistic regression among YSW and among NSW separately. To identify determinants of recent testing among AGYW who could be potentially reached by hotspot-based testing, irrespective of engagement in sex work, we performed bivariate and multivariable logistic regression on the full sample of participants. We reported the crude odds ratio (COR) and adjusted odds ratio (AOR) with 95% confidence interval (95% CI), and restricted tests of differences to variables ≥10 respondents in each cell of a predictoroutcome table. Finally, to examine the robustness of the results regarding determinants of HIV testing, we repeated our regression analyses using lifetime history of HIV testing as the outcome.
All statistical analyses and figures were executed using R version 3.4.2.
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RESULTS
Undiagnosed HIV and the HIV cascade (Figure 1)
Of the 1,299 participants who consented to the interview (Appendix 3- Table 1A) , 1,193 (91.8%) had DBS samples available. Participants without DBS tests were more likely to be YSW (p=0.038) and currently receiving formal education (p=0.008), but were otherwise similar to those with DBS tests (Appendix 3- Table 1B) . Of those with a DBS test (N = 1,193), 67 (5.6%) tested HIV-positive overall. The HIV prevalence was 10.1% (37/365) among YSW and 3.6% (30/828) among NSW (p<0.001).
Figure 1 depicts the HIV cascade.
Of the 67 AGYW living with HIV, 28% (N=19) disclosed that they were diagnosed with HIV; the proportion of diagnosed and aware was 27.0% (10/37) and 30.0% (9/30) for YSW and NSW, respectively (p=0.79). Among those who were diagnosed, the majority of YSW (8/10; 80.0%) and NSW (7/9; 77.8%) self-reported to be currently on HIV treatment. A total of 13% (N=9; YSW: N=7; NSW: N=2) of AGYW living with HIV declined to tell the interviewer their HIV status, all of whom reported an HIV test in the past year. If participants who refused to report their HIV status are assumed to be diagnosed and aware, then the proportion of diagnosed and aware would represent 46.0% (17/37) and 37.0% (11/30) of YSW and NSW, respectively, living with HIV (p=0.44).
Acceptance and sensitivity of rapid test
A total of 1156 participants accepted rapid testing, of whom 1,124 also submitted a DBS.
Using the DBS results as the gold standard, the sensitivity and specificity of the rapid test algorithm were 80.4% (95% CI): 66.9-90.2) and 99.9% (95% CI: 99.5-100.0), respectively.
Among those who self-reported to be HIV-negative/not willing to disclose/never tested for HIV, 89.3% (95% CI: 87.5-91.0) accepted to have rapid testing conducted.
Number of AGYW living with HIV who could be diagnosed via hotspot-based programs (Figure 2)
The estimated number of AGYW frequenting hotspots in Mombasa was 15,635 (range: 12,172-19,097), of whom an estimated 6,127 (range: 4,793-7,462) were YSW. 32 Thus, using the overall HIV prevalence [5.6% (95% CI: 4.3-6.9)] and undiagnosed HIV fraction [71.6% (95% CI: 59.3-82.0)] estimates of AGYW in our study, there are an estimated 876 (range: 523-1,318) AGYW living with HIV who frequent hotspots in Mombasa, among whom an estimated 627 (range: 310-1,081) were undiagnosed. Therefore, the potential number of AGYW who could be newly diagnosed was 627 (range: 310-1,081), and the feasible number (with 89.3% test acceptance and 80.4% sensitivity) who could be newly diagnosed was 450 (range: 223-776). Thus, hotspotbased testing could feasibly reduce the undiagnosed fraction among AGYW in hotspots from 71.6% (95% CI: 59.3-82.0) to 20.2% (95% CI: 17.6-23.0).
When we stratified our triangulation by engagement in sex work, the potential and feasible numbers who could be newly diagnosed were 452 (range: 193-881) and 313 (ranges: 134-610) respectively, among YSW (Appendix 3- Figure 2A) . Among NSW, the potential and feasible numbers who could be newly diagnosed were 240 (ranges: 93-506) and 175 (ranges 68-369), respectively (Appendix 3- Figure 3A) .
Profile of AGYW and patterns of HIV testing in the past year (Table 1)
After excluding 10 participants diagnosed with HIV > 1 year prior to the survey, 1,289
were included into our analysis on patterns of recent HIV testing ( Table 1) 
Determinants of recent HIV testing among AGYW who frequent hotspots (Tables 2 and 3)
Determinants of recent HIV testing were similar among YSW and NSW ( Table 2) . Table 3) . After adjusting for these determinants of recent HIV testing, YSW were two-fold more likely to have tested for HIV in the past year [AOR (95% CI): 2.1 (1.6-3.1)]. Self-assessed HIV risk was associated with a greater likelihood of HIV testing on univariate analyses, but not after adjusting for other determinants ( Table 3) . Sensitivity analyses identified similar determinants for lifetime HIV testing (Appendix 3- Table 2A and Table 3A ).
DISCUSSION
We identified a large unmet need in HIV diagnoses among AGYW who frequent hotspots in Mombasa, Kenya. Although 86% of AGYW reported a lifetime history of HIV testing, only 72%
were tested in the previous year, and less than 1 in 3 AGYW living with HIV were diagnosed and aware of their status. YSW were more likely to be living with HIV, and were three-fold more likely to test for HIV in the past year, and would do so more frequently, than AGYW who did not sell sex. However, the prevalence of undiagnosed HIV, and the determinants of HIV testing were similar across AGYW irrespective of whether or not they were engaged in sex work.
Applying a hotspot-based strategy of onsite HIV testing with existing rapid tests could realistically and newly diagnose 51.4% of AGYW living with HIV who socialize at hotspots.
Our findings suggest that hotspots comprise subsets of AGYW with disproportionately high risk of HIV and poor access and/or uptake of HIV testing services; and similar to findings of disproportionate risks among AGYW who socialize at other types of venues (bars, hotels, transportation hubs) in East Africa. 33 As shown with other populations within Kenya, once diagnosed with HIV, the proportion who go on to receive ART is high, 34 suggesting that AGYW living with HIV who frequent hotspots and would benefit from ART; and of whom nearly 9,347 and 32,593 currently remain undiagnosed and unaware. 32, 35 The discrepancy between the relatively high proportion of participants recently tested for HIV yet low proportion diagnosed may reflect inadequate frequency and timing of tests in relation to changes in HIV risk over time or age. Local programmes in Kenya offer HIV testing every three months for sex workers, and annual testing for AGYW in general. 18, 36 In our study, only 9.3% of YSW who tested in the past year did so at least 4 times; thus most YSW tested less frequently than what is recommended for women engaged in sex work. 18, 19 The optimal frequency and timing of tests may also need to be adapted to the changing experiences and exposures in an AGYW's sexual life-course, and should be facilitated by approaches that enhance an individual's agency over testingsuch as HIV self-testing. 9 In our study, 10% of YSW were already living with HIV and yet had only been in sex work for a median of 2 years 17suggesting either a high prevalence of HIV prior to entering sex work and/or high incidence of HIV within the first two years of sex work. The latter in particular means that testing frequency may need to be even higher during the early period of sex work.
High levels of recent HIV testing and high undiagnosed fraction could also result from the sensitivity (81%) of the rapid tests used in the Kenya national standard protocols. If we apply the false-negative rate of the rapid test to AGYW living with HIV tested in the last year, the undiagnosed fraction is still high at 62.7%. The discrepancy between recent testing and undiagnosed fraction is also important in the context of evaluating HIV testing strategies, many of which use test uptake as the main outcome. 25, 37 Thus, our findings suggest that monitoring and evaluation of testing strategies should also measure undiagnosed fraction at the population-level rather than just the proportion tested in the previous year.
Compared with NSW, YSW were more likely to have tested for HIV in the past year; findings which correspond with higher rates of HIV testing among Kenyan women engaged in sex work compared to the wider population. 4,38 However, YSW and NSW recruited from hotspots shared several determinants of HIV testing. Thus, if a hotspot-based testing strategy in Mombasa was to also deploy risk-profiling to prioritize those least likely to have tested recently, it could use the same profiles for YSW and for NSW.
To date, venue-based strategies deployed for AGYW have been restricted to mobile-outreach at parks and entertainment venues; all of which suggest increased uptake of HIV testing among adolescents. 14, 15, [39] [40] [41] Our findings suggest hotspot-based testing strategies, such as that deployed as part of the Transitions Study, represent an untapped opportunity to increase HIV diagnoses among AGYW living with HIV. Indeed, a population-based strategy to deliver testing services to hotspots may not require individuals to self-identify as engaging in sex work; and thus provide an avenue to converge outreach and service delivery from the disparate pillars of adolescent and sex work programmes. Recommendations for testingacross key populations including AGYW -include the provision of a "safe space", testing free of coercion and employing approaches that address stigma and discrimination related to sex work in general, and to sexual activity among youth. 42 Study limitations include the use of self-reported data collected via face-to-face interviews which may be prone to measurement and social desirability bias, respectively. Estimates of the cascade of HIV care are also limited by the 16% of participants without reference DBS tests, and the 13% of AGYW living with HIV who did not wish to disclose their status to the interviewer. However, limitations on restricting our study population to those with DBS may be mitigated by the similar profile of participants with and without DBS.
In conclusion, there remains a large unmet need in the early elements of the HIV cascade among a particularly high-risk subset of AGYW in Kenya. Reaching AGYW via hotspot-based HIV testing strategies may reach higher risk AGYW and fill gaps left by traditional HIV prevention and testing services. Abbreviations: AGYW (adolescent girls and young women); ART (antiretroviral therapy); NSW (young women not engaged in sex work); YSW (young women who sell sex) *Based on the assumption that participants who were not willing to disclose their HIV-status were living with HIV and were aware of their status # Based on DBS serology results ## Self-reported as 'HIV-positive' (those who self-reported as HIV-negative or not willing to disclosure or never tested for HIV were classified as undiagnosed) ^S elf-reported registration with an HIV treatment centre ^^S elf-reported that they were currently taking antiretroviral medication 
TABLES
Rapid test acceptance & sensitivity
APPENDIX 1 Algorithm for rapid HIV testing at sex work venues (hotspots)
A trained clinical officer/nurse counsellor performed the tests along with pre-and post-test counselling, and service-referral in accordance with the Ministry of Health of Kenya. 1 The rapid tests were performed at or near the hotspot in a closed (confidential) room and at the same place as the face-to-face interview. The first test was KHB HIV (1+2) Antibody (Colloidal Gold) Rapid Test (Shanghai Kehua Bioengineering Co., Ltd, Shanghai, China); the second test was First Response HIV 1-2-O Rapid Whole Blood Test (Premier Medical Corporation Private Limited, Mumbai, India); and the tiebreaker test was Uni-Gold™ HIV Test (Trinity Biotech Plc, Bray, Ireland). If the results of first test were negative, the participant was informed of the negative results and was referred to the appropriate HIV prevention services. If the results of first test were positive, the second test was performed. If the results of second test were also positive, the participant was informed of the positive results and was referred to the appropriate HIV treatment services. If the results of second test were negative, the results were classified as discordant and a third blood sample was collected for the tie-breaker test. Participants were informed of their rapid test results at the same visit.
1.
National AIDS & STI Control Programme. The Kenya HIV Testing Services Guidelines. Nairobi, Kenya2015.
APPENDIX 2 Covariate Definitions
To identify determinants of recent HIV testing among adolescent girls and young women who socialize at sex work hotspots, we focused on socio-demographic, health-system engagement, sexual behaviour, and risk perception. Public spaces hotspots include streets and other public places c N=55/1299 missing was imputed by adjusting for age at the interview d Excluding individuals who disclosed they are living with HIV 0.59 Abbreviations: CBO (community-based organization); CI (confidence interval); NGO (non-governmental organization); NSW (young women not engaged in sex work); OR (odds ratio); STI (sexually transmitted infection); YSW (young women who sell sex) a Physical establishments hotspots include bars, night clubs, hotels, guest houses, lodges, restaurants, local brew dens, sex dens and brothels b Public spaces hotspots include streets and other public places c N=55/1299 missing was imputed by adjusting for age at the interview d Excluding individuals who disclosed they are living with HIV
